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). We could thus conclude to the absence of col mesodermal CRM other than col-
ECRM and col-LCRM.
Based on this conclusion, we separately deleted from the genome a 2,4kb fragment removing col- 
Reprogramming of syncytial nuclei is required for specific muscle morphology
The complete DA3 >DA2 and incomplete DA3 >DA3/DA2 identity shifts observed in col LCRM1.3 and col LCRM0.5 , respectively (Figure 2) , raised the possibility that reprogramming of fused FCM nuclei differed between these two strains ( Figure 3 transcription in the FC is strictly required for muscle identity. However, acquisition of a specific morphology also requires identity reprogramming of "naïve" syncytial nuclei ( Figure 3D ). 
Muscle transformation and branched muscles; attraction and repulsion

Muscle identity shifts provoke mismatching of muscle attachments
The viability and DA3>DA2 phenotype of col LCRM larvae provided the opportunity to assess the impact of embryonic muscle patterning defects on Drosophila larval crawling. We first recorded the fraction of apply to many muscle iTFs and underlie the progressively refined control of the final muscle pattern, is a future challenge.
Distinctive muscle morphology requires identity reprogramming of fused myoblasts
The process by which iTFs determine the final morphological features of each muscle fiber, is not fully 
Branched muscles impact on crawling speed
Drosophila larval crawling is a well-suited paradigm to link muscle contraction patterns and locomotor behaviour. Longitudinal, acute and oblique muscles within a larval segment contract together and, as they begin to relax, the contraction is propagated to the next segment, creating a peristaltic wave from tail to head (forward locomotion), or from head to tail (backward locomotion) [28] . In many organisms, the rhythmic movements of locomotion are part of behavorial routines that facilitate the exploration of an environment. Exploratory routines mostly alternate straight line movement also called "active crawling phase", with change of direction and acquisition of a new trajectory, the "reorientation phase"
[53-55]. The active larval crawling phase requires an intense, prolonged muscular effort. In contrast, during the reorientation phase, larvae remain at the same spot while bending and moving their head, often followed by a turning event. In this study, we focused on crawling parameters during the active propagation, antagonistic force lines upon muscle contraction, and/or possible induced bilateral asymmetry -may only be object of speculation. The present Drosophila data provide a novel entry point to studying the pregnant question of how the physiological properties of branched fibres which progressively accumulate in Duchenne muscular dystrophy patients differ from morphologically normal fibres.
Material and Methods
Fly strains
All Drosophila melanogaster stocks and genetic crosses were grown using standard medium at 25°C.
The strains used were white [1118] , col Late CRM 4-0. 
CRM deletions generated by Crispr/Cas9
Genomic col target sites were identified using http://tools.flycrispr.molbio. In situ Hybridization with Stellaris RNA FISH probes were done as described by the manufacturer for Drosophila embryos (https://www.biosearchtech.com). The FISH probe sets for col were designed using the Stellaris probe designer (https://www.biosearchtech.com/stellarisdesigner) and labeled with a Quasar 670 Dye (Stellaris Biosearch Technologies). One set of 48 oligonucleotides was designed against the first col intron to detect primary nuclear transcripts. Another was designed against exons to detect cytoplamic mature transcripts. Both sets recognize all col RNA isoforms and were used together. When antibody staining and FISH were combined, the standard immuno-histochemistry protocol was performed first, with 1U/l of RNase inhibitor from Promega included in all solutions, followed by the FISH protocol. Confocal sections were acquired on Leica SP8 or SPE microscopes at 40x or 63x magnifications, 1024/1024 pixel resolution. Images were assembled using ImageJ and Photoshop softwares.
Phenotype quantification at embryonic and larval stages
To quantify embryonic phenotypes, col-LCRM-moeGFP embryos were immunostained with a primary mouse anti-GFP (1/500) (Roche) and secondary biotinylated goat anti-mouse (1/2000) (VECTASTAIN® ABC Kit). Stained embryos were imaged using a Nikon eclipse 80i microscope and were immobilized between slide and coverslip, and left and right larval sides imaged using Nikon AZ100
Macroscope at 5x magnification. Minimum 260 abdominal segments were analyzed for each genotype.
(+/Df: n=375 segments -27 larvae; col LCRM1.3 /Df: n=320 segments -23 larvae; col LCRM0.5 /Df: n=264 segments -19 larvae).
Live imaging embryonic muscle development
Embryos were bleach dechorionated and stage 12 embryos manually picked, laterally orientated and mounted on a coverslip coated with heptane glue to prevent drift during imaging. A drop of water was placed on the embryos to maintain their survival. Images were collected on a Leica TCS-SP8 confocal using a 25X water immersion lens. Sections were recorded every 130 to 150 seconds for the wt embryos and every 120 to 160 seconds for the col LCRM1.3 embryos, and z-stacks collected with optical sections at maximum 1 µm interval. Image processing was performed with Fiji (http://fiji.sc/wiki/index.php/Fiji) and custom programming scripts in Fiji. The z-stacks projections were corrected in x and y dimensions by manual registration using a reference point tracking.
Scanning Electron Microscopy (SEM)
To prepare fillets, third instar wild type and homozygous col ΔLCRM1.3 larvae raised at 25°C were dissected in myorelaxant buffer, according to [59] . Larvae were cut longitudinally on the ventral side to preserve and expose the dorsal and dorso-lateral musculature. Fillets were then fixed 1 hour in a 4%
formaldehyde/ 2.5% glutaraldehyde mixture in 1X PBS, washed in water and dehydrated gradually in ethanol. Fillets were dried at the critical point (Leica EM CPD 300 critical point apparatus), covered with a platinum layer (Leica EM MED 020 metalliser) and imaged with a Quanta 250 FEG FEI scanning microscope.
Behavioral analysis
We conducted locomotion assays by tracking the trajectory of larvae using the FIM method [29] .
Wandering third instar larvae were gently picked up with a paintbrush and transferred to an agar plate.
The larvae were then videotaped using a digital camera (Baumer VCXG53M); lentille (Kowa LM16HC); infrared filter (IF093SH35.5) and tracked using the FIMTrack software [30] . Each video containing 5 to 10 larvae per run, on a 1% agarose gel, was recorded at 5 frames/sec for 20 seconds.
Analysis was done by using MATLAB software. ------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
wt col
+20155 gccagatagagcttgaagtgctatcttctgttcaattggcactttttagccaatcgggcagaaacatttaaggacattccgagcagctaaaaaaaaacaaaatctccgtccaatcgaagagaaacgccgccaagtcgccatcccctcgcccaaatatgaatgaccaattatgcacttcgt col ECRM2. 4   ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
Twi wt col
+20335 tggcgctacgtgaccgagctgccaattttgggcccatcgaaaatcccaaacggaggtgtcccgatgtcatgtgcgaacatttgatgatgcgtagcttttcattaaatgaaaatttcgcgttgctggcaaaacaaaaggacaaagaagcggccaaaggcgctaactttgctggcaaatgga col
+22372
colECRM end wt col +22315 aatgggaaaaacgagtccaatgccatttatggtccatcctcagtctgcccctcacaaatagagtagctgcaggaatggttattgagaccttataagtgctatcatattaacatataaaatatttaatctt col - -
ECRM2.4 ----------------------------------------------------------tagagtagctgcaggaatggttattgagaccttataagtgctatcatattaacatataaaatatttaatctt
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Col L CRM 7D
tatgggggcacataaaacttgcatttgatgagctaaatgtaaacatacactatttaaatacattttttatgataagtgaacttaaagtcacactaacttttgaaaatttgattgacttctacaatgtgtgttgtttaatttcttattttatatttttttaaatatcgaaaatctacaaat wt col -2156 ccgcttatgtttaaaagtcaagccgctggctaattgacaaaatgtgtaattgtggcgatgagagtccttccgattgtcactctcccaaccctccgtaatcccctaagtcaccataggggttgggtaaaaatcaaatgcggagaatgtaccaacaaattatttagcaattggctagtgcgc colLCRM 1. 3 - -
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------colLCRM 0.5 tagtccggcgccatgtaaatccaattgtaaacaatttgaatcaaattccgggggcatcgccaccgaaagggggtggcatgggttaaagggtcatggtgttccatgacagctgtcgcggc-------------------------------------------------------------
Col wt col -1796 cttttggatcggggaattttcttcacctttgccgaaaaagaaaatttatttgtcaaagggcgtggaatttccttctggttattttggttaattagcgatgtctggggacatcttcagtctgctcttttcgcctttgatttacacataaaattttgtgcgacctagcagctctggggaaat colLCRM 1. 3 -
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------colLCRM 0.5 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
wt col -1616 gtttccagaacttctcaaaaatagaccaacaagtgtgggtgtggggaaaattcgggaaaaagagttgccgtcttgtggttaacggagttttcggtccttgtcagaagttaatgagattaccacgcccccccaaattaattcacggaaaagtcaaacaagctctctctctttccctcgtcc colLCRM 1. 3 -
-1339 wt col -1436 attcaatcggtcacaggcagaaaccgcaaatgcggaaaatgcaaattgtttttcatgcgaacccagaacctcaaaaaccaatgccatcccctgaccttttttcaccttttgttctcctaacgaggcgtgaaaattttgtgggcggttccggtaactaatcccttgctggtggaagagaa colLCRM 1. 3 - 
-------------------------------------------------------------------------------------------gaccttttttcaccttttgttctcctaacgaggcgtgaaaattttgtgggcggttccggtaactaatcccttgctggtggaagagaa colLCRM 0.5 --------------------------------------------------------------------------------------------gaccttttttcaccttttgttctcctaacgaggcgtgaaaattttgtgggcggttccggtaactaatcccttgctggtggaagagaa
